###### Strengths and limitations of this study

-   Population-based design with large sample size enables examination of rare outcomes separately by racial group.

-   Stratified risk curves enable detection of variability in age--outcome relationships according to maternal race.

-   Year-by-year absolute risks are easy to understand and interpret for clinicians and childbearing women and families.

-   Data set lacks clinical detail necessary to examine some important sociodemographic variables (eg, education, income) and clinically detailed outcomes (eg, hypertensive disorders of pregnancy).

-   Birth cohort restricted to pregnancies continuing to 20 weeks of gestation or longer, which cannot account for infertility or miscarriage risks, which both increase with increasing maternal age.

Introduction {#s1}
============

Adverse obstetric outcomes, including preterm birth, stillbirth and infant mortality, are more common among births to women older than 35[@R1] and younger than 20[@R8] compared with births to women 20--29 years of age. Despite considerable research examining the risks associated with advanced (eg, 35 years or older) or young (eg, younger than 20) maternal age, information about age-specific absolute risks of adverse pregnancy and birth outcomes in a US population is scarce.

Maternal age at first birth varies by racial group in the USA, with the youngest ages for American Indian/Alaska Native women, and oldest ages for Asian/Pacific Islander women.[@R10] Risks of adverse pregnancy and birth outcomes, including caesarean delivery, preterm birth and infant mortality, also vary by racial group in the USA.[@R11] Both Black women and American Indian/Alaska Native women have the highest risks of adverse birth outcomes, which has been attributed to racism, racial discrimination and related psychosocial stress.[@R16] Moreover, different distributions of age-related risk factors for adverse pregnancy outcomes by racial group (eg, socioeconomic factors, pre-pregnancy health status, access to antenatal care) may result in different relationships between maternal age and pregnancy risks by race. Differences in the relationships between maternal age at first birth and absolute risks of pregnancy outcomes according to maternal race are not well understood.

This paper presents absolute risks of birth outcomes in the USA according to maternal age at first birth, allowing for curvilinear relationships. Age-specific risk curves are presented for the overall population and separately for each racial group.

Materials and methods {#s2}
=====================

Using Birth Cohort-Linked Birth - Infant Death Data Files and Fetal Death Data Files available through the National Center for Health Statistics, our study population included all births to nulliparous women in the USA from 2004 to 2013. Fetal deaths before 20 completed weeks of gestation or with birth weights less than 350 g were excluded. Multiple gestation pregnancies and pregnancies with congenital anomalies or structural defects were retained in the study population.

We examined those outcomes with established validity in this data set[@R17]: multiple gestation pregnancies, caesarean delivery, early preterm birth (live birth before 32 completed weeks of gestation, according to the obstetric/clinical gestational age estimate),[@R20] late preterm birth (live birth after 32 but before 37 completed weeks of gestation according to the obstetric/clinical gestational age estimate), small for gestational age (SGA, \<10th percentile for sex and gestational age according to the same population-level growth charts for all racial groups, among singleton births),[@R21] stillbirth (fetal death at ≥20 weeks of gestation or birth weight equal to or greater than 350 g), neonatal mortality (death in the first 28 days of life) and postneonatal infant mortality (death between 28 and 364 days of age).

We examined the relationship between maternal age at first birth and each outcome using logistic regression models. We modelled maternal age flexibly as a continuous variable using restricted cubic splines to allow curvilinear shapes, with four knots placed at the 5th, 35th, 65th and 95th percentiles of maternal age in the study population (ages 17, 22, 28 and 36).[@R22] We used bootstrapping to estimate CIs to account for non-independence between outcomes of multiple gestation births, and drew 50 samples with replacement from the study population.[@R23] We used logistic regression estimates to calculate absolute risks of each outcome at each maternal age from 15 to 45 years.[@R24] These unadjusted estimates represent population average risks at each maternal age, including different distributions of age-related risk factors at each age (eg, more infertility treatments and multiple gestations in older women and lower socioeconomic status among younger women). We then estimated risks adjusted for those variables that are associated with maternal age and pregnancy outcomes and are measured accurately in these data: marital status, inadequate prenatal care (fewer than five prenatal care visits) and indicator variables for calendar year with 2013 as the reference year. Fetal Death Data Files do not have information on number of antenatal visits, so models for stillbirth were not adjusted for inadequate prenatal care.

To examine the potential variability of the relationship between maternal age at first birth and outcomes by maternal race, we estimated age-specific absolute risks separately for each maternal racial group as identified on the birth certificate (white, Black, Alaska Native/American Indian, Asian/Pacific Islander).

We graphed the predicted risks at each year of maternal age at first birth to illustrate the shape of the risk curve for the full maternal age spectrum examined in the overall population and separately by maternal racial group. We then estimated risk differences comparing predicted risks at young (15 and 20 years) and advanced (30, 35, 40 and 45 years) maternal ages with predicted risks at age 25 for the whole population and separately for each maternal racial group, with 95% CIs calculated based on predicted risks.[@R25]

Sensitivity analyses {#s2-1}
--------------------

In a sensitivity analysis to examine the joint role of maternal race and Hispanic ethnicity, we repeated stratified analyses using the following categories: non-Hispanic white, non-Hispanic Black, non-Hispanic other race, and Hispanic. We conducted a sensitivity analysis in which we graphed and tabulated the observed proportion of the population at each maternal age and compared estimates obtained from modelling each outcome using restricted cubic spline transformed maternal age. To examine whether observations with imputed maternal age, those in which recorded maternal age differed from reported maternal age, and those with imputed maternal race impacted our estimates, we conducted a sensitivity analysis excluding these records and compared estimates with those from the whole cohort. We used Stata V.14.2 to conduct all analyses.[@R26]

Patient and public involvement {#s2-2}
------------------------------

Patients were not involved with this study, nor were members of the public.

Results {#s3}
=======

Of 41 339 104 births at ≥20 weeks of gestation or birth weight ≥350 g in the USA from 2004 to 2013, our cohort included 16 514 849 births to nulliparous women. Mean age at first birth increased from 25.2 to 26.0 years over the study period, caused by a pronounced decrease in the proportion of births to women younger than 20 (20.6% to 14.7%), and a small increase in births to women older than 40 (from 1.5% to 1.7%). The distribution of sociodemographic characteristics varied by maternal age, as shown in [table 1](#T1){ref-type="table"}. Women younger than 20 were most likely to be unmarried at the time of first birth (87.5%), followed by those aged 20--25 (62.3%). Excluding the 3.2% of women with missing prenatal care data, inadequate prenatal care was uncommon across all age groups (3.8% of all births), though women younger than age 20 were more likely to receive inadequate prenatal care (6.7%).

###### 

Demographic and clinical characteristics of all births to nulliparous women in the United States according to maternal age at first birth, 2004--2013

                                          Age \<20    Ages 20--24   Ages 25--29   Ages 30--34   Ages 35--39   Ages 40--44   Age ≥45   Total
  --------------------------------------- ----------- ------------- ------------- ------------- ------------- ------------- --------- ------------
                                          3 165 587   4 919 066     4 232 285     2 834 401     1 105 766     237 837       19 907    16 514 849
  Maternal race                                                                                                                       
   White                                  71.3        76.4          79.9          78.6          77.8          77.6          76.6      76.8
   Black                                  25.0        18.7          10.4          8.4           9.4           10.9          11.4      15.3
   American Indian/Alaska Native          1.9         1.3           0.6           0.4           0.4           0.3           0.3       1.0
   Asian/Pacific Islander                 1.8         3.6           9.0           12.6          12.4          11.2          11.7      6.9
  Hispanic ethnicity                      32.4        24.6          16.3          13.1          13.1          12.6          10.1      21.0
  Unmarried                               87.7        62.5          26.6          15.9          18            23            21.6      46.5
  Missing paternal information            12.3        6.9           2.7           1.7           2.3           3.3           3.8       5.6
  Inadequate prenatal care                6.7         4.2           2.6           2.1           2.3           2.6           2.8       3.8
  Prior spontaneous or induced abortion   8.7         16.3          17.8          21.1          27.1          34.2          36.3      17.0

Cells show column percentages.

Maternal age was imputed in 463 773 (2.8%) observations. Maternal race was imputed in 704 767 (4.3%) observations. Hispanic ethnicity was missing in 100 589 (0.8%) observations.

Previous pregnancy ending in spontaneous or induced abortion was missing in 124 814 (0.5%) observations.

Inadequate prenatal care defined as fewer than five visits. Number of prenatal visits was missing in 508 876 (3.2%) observations, as well as all fetal death records (n=122 254; 0.8%). Fetal death records were excluded from the denominator for this variable.

Prior spontaneous or therapeutic abortion defined as total birth order \>1 in a nulliparous woman. Total birth order was missing in 70 906 (0.4%) observations.

The distribution of maternal age at first birth varied markedly by racial group, as shown in [figure 1](#F1){ref-type="fig"}. Age distributions were similar among Black and Alaska Native/American Indian women, with means of 23.1 and 22.1 years, respectively. The distribution for white women was shifted to older ages (mean 25.5 with bimodal peaks near ages 20 and 30), and to substantially older ages for Asian/Pacific Islander women (mean 28.9). Asian/Pacific Islander women were most likely to be married (18.4% unmarried), followed by white women (42.1% unmarried), while the majority of Black and Alaska Native/American Indian women were unmarried (78.7% and 73.8%). Alaska Native/American Indian women were least likely to have adequate prenatal care (7.3% inadequate), while Asian/Pacific Islander women were most likely (3.2% inadequate).

![Distribution of maternal age at first birth by maternal race in the USA 2004--2013.](bmjopen-2019-033697f01){#F1}

The overall incidence of adverse birth outcomes was highest for caesarean delivery (31.4%), moderate for late preterm birth and SGA (7.9% and 5.8%, respectively) and low for other adverse birth outcomes (0.2%--2.1%). Unadjusted and adjusted curves showing risks for each outcome at each maternal age from 15 to 45 years in the overall population are displayed in [figure 2](#F2){ref-type="fig"}. Unadjusted risks of multiple gestations, caesarean delivery and stillbirth increased progressively with increasing maternal age. For all other outcomes, nadirs occurred between ages 25 and 30, after which risks increased continuously with increasing maternal age. Risks of early and late preterm births, SGA, neonatal mortality and postneonatal infant mortality also were elevated among women younger than 20--25 in unadjusted models. While stillbirth risk remained low until age 30 and was highest among older women, postneonatal infant mortality risks were highest among women younger than 25 and only slightly elevated after age 35. Adjustment for covariates did not substantially change estimated risks for multiple gestations, caesarean delivery or late preterm birth. After adjustment, elevated risks at maternal ages younger than 25 were substantially attenuated for SGA and postneonatal mortality and were no longer present for early preterm birth and neonatal mortality. Adjustment did not substantially attenuate increased risks observed for maternal age older than 25 for any outcome.

![Adjusted and unadjusted absolute risks of adverse pregnancy and birth outcomes according to maternal age at first birth among all births to nulliparous women in the USA 2004--2013.](bmjopen-2019-033697f02){#F2}

Risk curves stratified by maternal race are shown in [figure 3](#F3){ref-type="fig"} (unadjusted) and in [figure 4](#F4){ref-type="fig"} (adjusted). Relationships between maternal age and multiple gestations and caesarean delivery risk were similar across racial groups, though multiple gestations increased more rapidly with maternal age for white and Asian/Pacific Islander women. While early and late preterm birth risks were elevated at young maternal ages for Asian/Pacific Islander and white women, risks were lower at young ages for Black and Alaska Native/American Indian women. Early preterm birth risks increased for all groups after age 25, but increased almost twice as quickly among Black women, while late preterm birth risks increased more rapidly with maternal age for Alaska Native/American Indian women. Among Asian/Pacific Islander women, SGA risk was inversely associated with maternal age, while risks increased with increasing maternal age for Alaska Native/American Indian women.

![Unadjusted absolute risks of obstetric outcomes according to maternal age at first birth among all births to nulliparous women in the USA 2004--2013 stratified by maternal race.](bmjopen-2019-033697f03){#F3}

![Adjusted absolute risks of obstetric outcomes according to maternal age at first birth among all births to nulliparous women in the USA 2004--2013 stratified by maternal race.](bmjopen-2019-033697f04){#F4}

The relationships between SGA risk and maternal age were u shaped for both white and Black women, with lowest risks for white women and highest risks for Black women across the age spectrum. For white and Alaska Native/American Indian women, stillbirth risks were low from age 15 to 20, then increased with age, while for Asian/Pacific Islander women, risks were slightly elevated until age 20, lowest at 25 and increased with age after age 25. In contrast, stillbirth risks did not have a stable plateau for Black women at any age, but rather increased linearly with maternal age from age 15 to 45. For Asian/Pacific Islander and white women, neonatal risk curves were u shaped with nadirs between ages 25 and 30, although increased risks at young maternal age (before 25) were most pronounced for Asian/Pacific Islander women. Conversely, among Black women, neonatal mortality risks were lowest at age 20, and increased rapidly with maternal age after age 20. For Asian/Pacific Islander and white women, postneonatal mortality risks were substantially increased at young maternal ages, decreased to nadirs between ages 25 and 30 and increased very gradually with increasing age after 30. For Black women, postneonatal mortality risks were u shaped with a nadir at age 30. Beyond differences in curve shapes for Black women compared with women from other racial groups, Black women had markedly higher risks of early preterm birth, SGA, stillbirth and neonatal mortality across the age spectrum than women from all other racial groups. Due to fewer than 500 cases of postneonatal mortality among Alaska Native/American Indian women, risk estimates for this group were unstable and are not presented. Adjusted risks were similar to unadjusted risks for multiple gestations and caesarean delivery for all racial groups. Risks of all other outcomes were lower after adjustment for all racial groups from age 15 to 45. Increased risks of early preterm delivery, stillbirth and neonatal mortality at young maternal ages were substantially attenuated by adjustment, particularly for Asian/Pacific Islander and white women. Adjustment also attenuated the slope of increasing risk associated with increasing maternal age for Black and Native American/Alaska Native women for stillbirth and neonatal mortality.

Complementing risk curves presented in the figures, predicted risks tabulated at 5-year increments of maternal age are presented in [online supplementary table 1](#SP1){ref-type="supplementary-material"} and risk differences comparing risks at young (15 and 20 years) and advanced (30, 35, 40 and 45 years) maternal ages with risks at age 25 are presented in [online supplementary table 2](#SP1){ref-type="supplementary-material"}, for the overall population and stratified by maternal race.
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In our sensitivity analysis jointly examining maternal race and ethnicity, we found similar distributions of age at first birth among non-Hispanic white women and Hispanic women of all races. The bimodal age distribution among white women was less pronounced after excluding Hispanic white women, indicating that the presence of two underlying populations of white women with different age was largely explained by Hispanic ethnicity ([online supplementary figure 1](#SP1){ref-type="supplementary-material"}). As shown in [online supplementary figures 2 and 3](#SP1){ref-type="supplementary-material"}, risks for Hispanic women were somewhat higher than for white women, but generally followed similar shapes. After excluding Hispanic women from other groups, risks were lower for non-Hispanic white women and risks were similar for non-Hispanic Black women as when Hispanic Black women were included in this group. Risks for those in the non-Hispanic 'other race' group combined the heterogenous risk curves of Asian/Pacific Islander and American Indian/Alaska Native women.

When we plotted observed risks without modelling (proportion with each outcome at each maternal age, [online supplementary figure 4](#SP1){ref-type="supplementary-material"}), curves were similar to those based on our models at most maternal ages, although the shapes were less smooth in the extremes of maternal age (particularly near age 45). Likewise, estimates from the sensitivity analysis excluding observations with imputed maternal age (186 933; 1.4%) or maternal race (48 051; 0.8%), and those in which recorded maternal age differed from reported maternal age (446 701; 3.3%), did not differ from estimates from the whole cohort. We thus retained observations with imputed maternal age or race in our analyses.

Discussion {#s4}
==========

This paper presents a detailed examination of the relationship between maternal age at first birth and absolute risks of major pregnancy and birth outcomes. We found elevated risks for all outcomes except postneonatal infant mortality among women older than 30, and SGA, early and late preterm births, neonatal mortality and postneonatal mortality among women younger than 20. Nadirs for multiple gestations, caesarean delivery and stillbirth occurred at maternal ages younger than 20, while nadirs for all other outcomes were between ages 25 and 30 for most racial groups. Our findings were consistent with previous examinations of maternal age using a categorical approach in the USA,[@R1] and international settings,[@R1] and further confirm that both young and advanced maternal ages are risk factors for many important pregnancy outcomes. This paper complements these analyses by presenting year-by-year risks on the absolute scale in the US population, which enhances interpretability for clinicians and patients. The variability in form of risk curves for different outcomes (eg, progressive increase in risk for caesarean delivery compared with u-shaped curve for SGA) suggests that the underlying mechanisms driving increased age-related risks may vary by outcome. Age is not a monolithic 'exposure' calling for a uniform clinical approach across outcomes. Nonetheless, our curves point to an optimal window for childbearing between ages 20 and 30, when nadirs occurred for most outcomes. Nearly half of Asian/Pacific Islander women and a quarter of white women begin childbearing after this window has passed, while a third of Black and Alaska Native/American Indian women begin childbearing before this window has begun.

The forms with which risks increase at maternal ages younger than 20 or older than 30 vary by maternal race. In general, risks of young childbearing were most pronounced for Asian/Pacific Islander and white women, for whom young childbearing was least common. Although risks were increased for all women for all outcomes after age 30, risks of delayed childbearing were more severe for Black and Alaska Native/American Indian women, for whom delayed childbearing was less common. The rapid elevation in risk with increasing age among Black women is especially important given the disproportionate burden of adverse pregnancy outcomes among Black women, most plausibly attributed to racism and related psychosocial stress.[@R15] On the other hand, risks increased more gradually with increasing maternal age for white and Asian/Pacific Islander women than for other women, though a larger proportion of first births to women in these groups are at older maternal age. Adjusting for covariates associated with maternal age and risks of adverse outcomes attenuated increased risks at increasing maternal ages, but not substantially.

In interpreting our findings, a number of limitations must be considered. Because we estimated risks at each maternal age based on risks to different women according to their age at first birth, differences in risk associated with each maternal age may be due to differences in women with a first birth at each age, rather than true biological risks of each outcome according to maternal age. Even after accounting for those covariates measured in these data, we could not examine the extent to which many potentially important characteristics (eg, pre-pregnancy health status, body mass index, smoking or infertility) varied by maternal age or race in this analysis, as these variables are not reliably collected in this database.[@R17] In particular, infertility and subfertility, both strongly associated with maternal age[@R31] and with increased risk for adverse outcomes,[@R32] were not accounted for in our analyses. However, the unadjusted, population-average risks are most relevant for clinical practice, as clinical management is not usually 'adjusted' by age-related risk factors. As our study population was defined by birth during the study period, we could not examine risks of infertility, subfertility or miscarriage in this study, or whether these relationships vary by maternal race. Outcomes (particularly stillbirth) may be under-reported in these data,[@R33] and this under-reporting may be most pronounced for American Indian/Alaska Native women.[@R34] Although this study includes a national, population-based sample, findings may not be generalisable to settings with different distributions of characteristics that may alter relationships between maternal age and pregnancy outcomes. Furthermore, because the difference in baseline risks of adverse outcomes and the variability of age--outcome relationships according to maternal race in the USA are specific to the socioeconomic and sociopolitical contexts of this country, these relationships may differ in other settings.

As the observed associations may not be causal, recommendations regarding an optimal age range for conception among nulliparous women are beyond the scope of this paper. However, given the expected direction of confounders leading to pregnancies in women of young or advanced age, results reinforce the likelihood of an increased obstetric risk associated with delaying childbearing. Finally, in considering the optimal age for childbearing, sociocultural implications in terms of educational and career attainment[@R35] must be taken into account along with pregnancy risks, which we could not address in this study. Meanwhile, interventions to reduce adverse outcomes can target potential mediators by maternal age group, such as appropriate antenatal care in young women and prevention and control of chronic age-related disorders in older women.

Conclusion {#s5}
==========

Our analyses make a unique contribution to the literature regarding the relationship between maternal age at first birth and pregnancy and birth risks, and variability in these relationships by maternal race. Our findings confirm increased risk of adverse pregnancy and birth outcomes among first births to women of young and advanced maternal ages, provide easily interpretable risk curves and illuminate variability in these relationships across categories of maternal race in the USA.
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